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Abstract
The use of information technology to support work and aid in decision making has brought about new ways of displaying information on computer screens. The more information required, the more complex those displays have become. Goals of this research project were to 1) develop and test basic methodology for recommending complex display color coding and 2) to use results from that methodology to recommend specific changes to the Work-Centered Support System for Global Weather Management (WCSS-GWM) application. The on-going research shows how a simple laboratory search technique may be used to recommend chromaticities and other characteristics for use in current and future systems.
CHOOSING COLORS FOR WORK-CENTERED SUPPORT SYSTEMS FOR COMMAND AND CONTROL USING A VISUAL SEARCH TASK
Early display designers were constricted by availability and expense of display technology. Color displays, when first available, were cost prohibitive. As technology improved and costs decreased, display complexity increased. Design was guided by 'engineering judgment,' 'common sense,' and the way things had been done on paper. In response to user problems and needs, human factors professionals have been increasingly involved in display design. More and more, interface issues began to be addressed empirically. Human factors display guidelines have been developed (for an example, see Helander, 1987) and are now regularly applied to new technological advances.
Human factors experts have developed some general guidelines regarding the use of color in displays. In general, human factors guidelines recommend against using more than ten colors for the simple coding of information and that color use should be as limited as possible given the particular application (Helander, 1987) . Color is particularly useful in allowing the user to easily find a particular symbol in a dense display, for drawing attention to particular information, and for allowing the user to rapidly sort and/or categorize information. Guidelines also suggest that red, green, and yellow be reserved for representing danger, safe conditions, and caution, respectively (Helander, 1987) . Current military standards (DoD, 1989) specify that "red shall be used to alert an operator that the system or any portion of the system is inoperative or that a successful mission is not possible until appropriate corrective or override action is taken."
Emergency conditions that require immediate action are to be indicated by flashing red. processing proximity should be compatible. In addition, the notion that the choice of which information to display must depend on the interaction between the domain and the interface is prominent in the human factors literature (Bennett, Nagy, and Flach, 1997).
The use of information technology (IT) has grown exponentially, both in business and in government. This technology provides support to workers in terms of automating duties, expediting information retrieval, allowing ease of making changes to existing forms and documents, making fast and easy calculations, allowing tracking of work, displaying the status of systems, etc. All of the information necessary to provide this support must be displayed in a limited amount of space.
One such system currently being applied as a demonstration project in a command Eggleston and Whitaker, 2002; Young, et. al, 2000) .
WCSS technology is a new cognitive-science-based analysis and design methodology for developing human-computer interfaces that enable very high user productivity, especially in dynamic and information-dense environments such as command and control. The WCSS technology leverages cognitive work analysis and advanced user interface design techniques to provide intuitive user interfaces customized based on the work requirements. The WCSS approach is designed to develop human-computer interfaces that support rapid user adaptation to both routine and non-routine/unexpected events by providing relevant context and intuitive and directly manipulable affordances for action.
The Work-Centered Support System for Global Weather Management (WCSS-GWM) is a software client application developed with a goal of minimizing the impact of changing weather conditions on planned and on-going missions (see Fig. 1 ). The WCSS-GWM software allows users to select and inspect missions of interest and provides intelligent-agent-based alerts when weather phenomena may impact those missions. It provides a consolidated view of weather and air mission data. It provides the user with the ability to select from a variety of weather and flight related data and arrange them as different layers on a map of the world in flexible ways to efficiently support dynamic work requirements. WCSS-GWM has been demonstrated to be useful for weather forecasters to select relevant areas for prediction, for weather support personnel to understand which weather changes might affect current and planned flights, and for flight managers to know when a flight plan might need to be adjusted due to current or impending weather conditions (see Scott, et. al, in publication) .
The WCSS-GWM application is being expanded for use by other command and control users in both the local domain and external domains. The display is already quite complex in its use of color for the coding of layers and alerting information. Subsequent iterations of this application are expected to require even more types of information to be displayed.
Although the work-centered concept is a particularly useful method of displaying relevant information for use in decision support, for any system, when graphical information is coded by color, symbology or geometry, "no matter how intelligent the choice of information, no matter how ingenious the encoding . . . the graph is a failure if the visual decoding fails" (Cleveland, 1985) . It is, therefore, quite important to include issues of visual perception in the development of any new display.
When several types of information are displayed, the user must visually search for the information that is most relevant to the task at hand. In some cases, the relevant item is quite easy to find; it seems to stand out from other elements of the display. In other instances, search is more perceptually laborious. In past literature, easy searches have been referred to as parallel and more difficult searches have been referred to as serial (Treisman, 1998; Treisman, 1988; Treisman, 1991; Northdurft, 1993; Hulleman, et al. 2000; Treisman and Gelade, 1980; Quinlan, 2003; Treisman and Souther, 1985) . These descriptions imply that there is something inherently different about the two types of stimuli. Although vision researchers are not in agreement that these differences in search difficulty are truly due to switches between parallel and serial processing, there is wide agreement that the differences exist and that there is something about the types of stimuli and combinations of stimuli that lead to them.
In general, when information is displayed, there are three levels of search criteria.
The higher levels cannot be achieved unless all lower level criteria are met. At the lowest level, a stimulus must be visible. For example, someone looking at a radar display of various aircraft must be able to see the blips on the screen. At the next level, a stimulus must be discriminable. For example, if a display used shape to indicate the types of aircraft present, it would be important for the user to be able to detect those shape differences if decisions were to be made based on aircraft type. At the highest level, a stimulus must be conspicuous. For example, if it is important that a warning signal be noticed, that signal must be displayed in such a manner that, if it appears, it will stand out from other elements of the display. In the WCSS-GWM display, the alert is such a signal.
There are a number of objectives of the current research. One specific goal is to demonstrate that a basic research methodology such as a search task can be useful for designing and evaluating coding in an applied setting. In this particular case, the goal is 8 to use a search task to test the effects of the use of color and transparency in a display.
The research effort to date consists primarily of the development of a search task to test the effects of color and transparency combinations in the WCSS-GWM display.
METHOD
To date, pilot data only have been collected for this research program. The following methods were employed in the collection of those data.
Participant
The author (female) acted as subject in the collection of pilot data.
Apparatus
Stimuli were generated using a JAVA computer program written specifically for use in this research and displayed on flat panel personal computer monitor similar to those used by the users of the WCSS-GWM display. The pilot studies were run in a typical office setting.
Procedure
Stimuli (target and distractors) were presented on one of two background types.
The first background type (referred to as original) was generated from screen shots of the WCSS-GWM display. Initially, interviews of current and potential users of the WCSS-GWM weather tool were conducted to assure that any recommended color changes to the display would not violate user expectations. The second background type (referred to as recommended) was like the original background except that colors were de-saturated.
This choice was deemed to be the simplest change that could be made that reflected past research findings. The two background types were present at all times during the experimental block and were displayed with three levels of clutter -low, moderate, and high -generated by varying the number of layers displayed in the WCSS-GWM screen shots.
The target consisted of a red circle similar to the alert in the WCSS-GWM display and the distractors consisted of a variety of shapes (other that circles) similar to some of the symbology used in WCSS-GWM. In addition to varying the level of background clutter, stimuli were presented in set sizes (target and distractors) of 3, 6, 18, or 54. The colors of the distractors in one condition were similar to the current WCSS-GWM symbol colors and, in another condition, selected based on the interviews and a brief review of current human factors literature.
In a typical trial, a fixation cross was presented at the center of the display background, and the subject focused on that cross. The target and distractor(s) appeared, and the subject pressed enter when she located the target. The target and distractor set then disappeared, and the subject placed the cursor in the quadrant where she believed that the target had been. Inaccurate trials were repeated; only accurate trials were included in the analysis; less than 10% of trials were inaccurate in all conditions. Data from inaccurate trials were, however, saved so that they would be available for post hoc analyses, if needed.
Eight blocks of sixty trials were completed representing two blocks of each combination of set size (3, 6, 18 and 54) and background color (original and recommended). Each blocks consisted of ten trials of each combination of distractor color (original and recommended) and level of clutter (low, moderate, and high).
RESULTS
There was a significant main effect of de-saturating the background color for all set sizes (see figure 2 ) and across all levels of clutter (see figure 3) , f = 24.6, p < 0.05.
There were also significant main effects of both set size, f = 5.9, p < 0.05, and background clutter, f = 7.1, p < 0.05, as would be expected. Although figure 3 shows a hint of an interaction between background color and clutter, this interaction was not statistically significant, f = 2.4, p > 0.05. There were no significant main effects for symbol (distractor) color, f = 0.3, p > 0.05. The only set size for which there was any benefit of the new distractor colors was the largest set size, and that benefit was not statistically significant, f = 1.2, p > 0.05.
DISCUSSION
The purposes of this pilot research were to verify that it is reasonable to use a basic laboratory research paradigm in order to make specific recommendations to a very complex and information-rich display and to determine color sets that might improve the efficiency of such a display so that those sets may be further tested.
It seems that the search task used in the pilot research is an effective way to determine which display modifications are potentially beneficial. In addition to providing evidence that the de-saturation of the display background is likely to have a positive effect on the ability of the user to detect an alert, the search task also allowed us to pre-test a set of symbol colors in a laboratory situation before applying them to an actual display. The validity of the search results was supported by the fact that the task was sensitive to the expected effects of clutter and set size. This task is currently being 
